THE VASCULAR changes of diabetic retinopathy are apparent by ophthalmoscopic examination primarily in capillaries and veins.1 In the absence of hypertension or the occasional occlusive lesions of atherosclerosis, the retinal arteries show little visible change.2 It is reported that typical diabetic retinopathy can occur without any arteriolar lesions being evident on serial histologic examination of the retina. 3 Despite the paucity of visible changes in the retinal arteries of nonhypertensive diabetic patients, observations in a few patients have shown that these vessels may fail to constrict normally when the subject breathes oxygen.4 5 Impairment of this normal response in both arteries and veins of the fundus also occurs in patients with arterial hypertension, where sclerotic vascular changes are prominent. In diabetic subjects this finding indicates that the vessels may be functionally abnormal even though no lesions are evident on ophthalmoscopic examination. In order to obtain quantitative information on the loss of retinal vascular reactivity which may occur in diabetes, a comparative study has beein made of the retinal vascular response to breathing oxygen in a substantial number of diabetic and control subjects. To clarify the effect of atherosclerosis upon retinal vascular reactivity, observations have also been made on patients who have clinically significant atherosclerosis in the absenee of diabetes or Circulation, Volume XXII, August 1960 hypertensioni. It is the purpose of this paper to present the results of these studies.
Methods and Subjects As described elsewhere,4 retinal vascular reactivity is expressed as the mean per cent shrinkage in visible diameter of retinal vessels which results from breathing oxygen for 5 minutes. Fundus photographs were made of the seated subjects while they breathed first air and then oxygen, and the visible diameter of the larger retinal arteries and veins was measured from these photographs, by means of a low power microscope with a scale in the eyepiece. From these measurements the arterial and venous reactivity, as defined above, were separately calculated.
The subjects were all hospital patients. The control group comprised 47 persons, 34 males and 13 females, ranging in age from 13 to 76 years, who were not seriously ill at the tinme of study and who showed no evidence of diabetes or significant cardiovascular disease.
Observations were made on 50 hospital patients with diabetes mellitus, of whom 33 were males and 17 females. The age range was from 16 to 76 years. All diabetic subjects were receiving insulin and none was significantly acidotic or markedly hyperglycemic at the time of study. Fifteen of the diabetic patients were classified as also being hypertensive by virtue of having a systolic arterial pressure which often exceeded 150 mm. Hg, a diastolic pressure which often exceeded 100 mm. Hg, or both. Of the nonhypertensive diabetic subjects, 15 had definite diabetic retinopathy, while 20 showed no definite abnormalities of the fundus. The diagnosis of diabetic retinopathy was made if any of the following was present: capillary aneurysms; neovascularization; definite venous abnormalities such as dilatation, tortuosity, and sacculation; hemorrhages; and exudates.
Observations were also made on 15 hospital patients, 12 males and 3 females, with the clinical diagnosis of atherosclerosis, but without diabetes or hypertension. The age range was 26 to 66 years. The youngest patient was a woman with hypercholesteremia and xanthomatosis who died of a Significantly different from the control group.
myocardial infaretion a few days after the study and who showed extensive atheromatosis at autopsy. One man, 57, had obliterative arterial disease of the lower extremities, but no other clinical evidence of atherosclerosis. Of the remainder, 6 had had a well-documented myocardial infarction and 7 had classical angina pectoris without definite evidence of infaretion. In these 13 cases, records of the blood pressure were available which antedated any evidence of coronary artery disease, and all these patients had been normotensive. For determining the significance of differences between means, the data were subjected to conventional statistical treatment.6 Statistical significance was taken to begin at the level p = .05.
Results
The data for control and diabetic subjects appear in table 1. The arterial and venous reactivity of control subjects is in good agreement with that previously reported for smaller groups of normal subjects. 4 5 The diabetic data are presented for the entire group, and also for certain subgroups, divided according to the presence or absence of retinopathy and hypertension. It is notable that the arterial and venous reactivity of the diabetic is significantly less than that of the control subject, both for the total diabetic group and for each subgroup as well, with the single exception of venous reactivity in normotensive diabetic patients without retinopathy. It is also notable that the loss of arterial reactivity in diabetes is more profound in the group with retinopathy than in uncomplicated diabetes. That is, the arterial reactivity of the normotensive diabetic subject without retinopathy (8.2 ± 4.7), while less (p <.01) than that of the control group (11.3 ± 4.3), is still greater (p <.01) than that of the normotensive diabetic subject with retinopathy (3.8 ± 3.8). Once retinopathy is present, the addition of hypertension does not produce a further significant change in reactivity. Table 2 shows the results obtained in patients with atherosclerosis who did not have hypertension or diabetes. There is no significant difference between the arterial and venous reactivity of these patients and that of the control subjects.
Discussion
There is abundant evidence that the small arteries, veins, and capillaries of diabetic patients may show, in various body regions, morphologic changes associated with the diabetes itself and not with the atherosclerosis or hypertension that commonly accompanies the disease.3 7-9 It has also been found that blood flow in the great toe of diabetic patients shows, on the average, less than the normal increase in response to tetraethyl ammonium chloride or indirect heating.10 11 This is a form of reduced vascular reactivity which may be analogous to that which has been presently reported for the retinal vessels.
Circulation, Volume XXII, August 1960 It is striking that the retinal arterioles of diabetic patients may show little or no change on ophthalmoscopic examination and yet demonstrate what appears to be severe functional impairment, as measured by marked reduction in a constrictor response which is normally present. It is likely that the ability to change blood flow in the retina by altering retinal vascular caliber in response to changes in local metabolic requirements is of considerable significance in maintaining homeostasis in this tissue, which has an extraordinarily high rate of oxygen consumption. It is possible that impairment of this homeostatic mechanism could, in itself, hasten the progression of retinopathy.
In recent years it has been pointed out repeatedly that diabetic retinopathy is not the consequence of atherosclerosis.2 3 The present results indicate that atherosclerosis alone, even though productive of severe disability elsewhere, does not cause significant alterations in retinal vascular reactivity. This finding is not surprising, since uncomplicated atherosclerosis produces only occasional, isolated lesions in the retinal vessels, which are visible by the ophthalmoseope.12 Summary By means of fundus photography, a comparative study has been made of the constrictor response of retinal vessels to the inhalation of oxygen in 47 control subjects, 50 diabetic patients, and 15 persons with atherosclerosis unassociated with hypertension or diabetes.
The diabetic group showed decreased reactivity of both arteries and veins, as indicated by a decreased constrictor response to oxygen. Retinal arterial reactivity was sig-Circulation, Volume XXII, August 1960 nificantly reduced in diabetic subjects, even in the absence of retinopathy or hypertension. With the appearance of retinopathy, arterial reactivity was still further reduced.
The patients with uncomplicated atherosclerosis did not show significant changes in retinal vascular reactivity.
Summario in Interlingua Per medio de photographia del fundo ocular, un studio comparative esseva effectuate del responsa constrictori de vasos retinal al inhalation de oxygeiio. Le casuistica consisteva de 47 subjectos de controlo, 50 patientes con diabete, e 15 subjectos con atherosclerosis sin association con hypertension o diabete.
Le gruppo de diabeticos monstrava reactivitate re ducite tanto in le arterias como etiam in le venas a judicar per le reducite responsa constrictori al effecto del oxygeno. Le reactivitate retino-arterial esseva significativemente reducite in subjectos con diabete, mesmo in le absentia de retinopathia o hypertension. Con le apparition de retinopathia, le reactivitate arterial esseva reducite additionalmente.
Le patientes con non-complicate atherosclerosis non manifestava significative alterationes in le reactivitate retino-vascular.
Sir Dominic John Corrigan
Sir Dominic John Corrigan was born December 1, 1802, in Dublin. While still receiving his primary education, he became the demonstrator of experiments on hydrostatics and pneumatics in connection with his professors' lectures. This experience probably influenced profoundly his comprehension of the dynamics of the circulation that led to the observations on which his fame rests. After obtaining his M.D. degree from Edinburgh University in 1825, he was associated in Dublin with illustrious physicians including Adams, Carmichael, Collins, Graves, and Stokes. Six years previously Laennee had invented the stethoscope and published his book on auscultation. In 1830, at the age of 28, he became physician to the Jarvis Street Hospital, where he had control of only six beds from which "he drew the most valuable portion of his clinical experience," which was the basis of his classic treatise On Permanent Patency of the Mouth of the Aorta, or Inadequacy of the Aortic Valves. Single features of aortic regurgitation, such as the collapsing pulse, and the altered heart sounds and murmurs, had been noted by Cooper, Vieussens, and Hodgkin, but the full description and explanation of the clinical findings in terms of the underlying pathology and physiology had not been put forward in a comprehensive, interrelated manner. The great French clinician, Armand Trousseau, first designated this condition as Corrigan's disease; the French to this day still use the term "Maladie de Corrigan." He also described the Irish "famine fever" of 1847, note^d the "cerebral breathing" of typhus, the expansile pulsation of aneurysm (Corrigan's sign) and cirrhosis of the lungs.
In later years, Corrigan became President of the Dublin Pathological Society, was physician to the House of Industry Hospital, was made Physician-in-ordinary in Ireland to Queen Victoria, received many honors and honorary degrees, and was created a baronet. In 1878, at the age of 76, he suffered a slight paralytic stroke, and in 1880, at the age of 78, he suffered a right hemiplegia and died on February 1, 1880.-ED.
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